although most of the study areas had a small population of the undershrub, C. viscidiflorz~s elegans (yellowbrush). These two species are most abundant in the Great Basin. Rabbitbrush occurs from Nevada northward to British Columbia and Alberta. It is a prolific seeder and an aggressive, unpalatable competitor with range grasses. Greater expense accompanies eradication of Chrysothamnus, because burning,' rail dragging, and shallow plowing are less effective than with sageb r LI s h (Artemisia tridentata) (Plummer, et al, 1955) . Use of root planes, though more costly, has been recommended for Chrysothamnus where soil and economic factors are not limiting (Pechanec, 1952) .
The small species of Chrysosothamnus, usually referred to as yellowbrush, commonly grow as subdominants with big sagebrush.
If released by fire, rail dragging, rotobeating, or insect attacks on big sagebrush, the yellowbrush quickly assumes the role of dominant. The value of sagebrush control is thus much reduced.
Outline of Study
This series of experiments was planned to test the efficacy of different methods of killing the two species of Chrysothamnus. Most attention was given to herbicides at different dates and in different carriers. The effect of burning alone, and burning followed by herbicides was studied. A small experiment was made on root-planing. An attempt was made to relate the mortality of rabbitbrush to readily available carbohydrate reserves in the shrubs at the time of treatment. Soil moisture was also sampled to help interpret the results of the treatments.
A site that seemed well-suited for such a project was found 12 miles southeast of Elko, Nevada. The Grazing Service, in 1944, plowed and seeded standard crested wheatgrass (Agropyron desertorum) and other grasses on 480 acres of mixed sagebrush, yellowbrush, and rabbitbrush. Results of brush eradication and seeding were good. The area w,as fenced in 1946 and has been grazed since that time at about 3 a.u.m./a. On about 25 acres of lowlying land, rabbitbrush has returned to nearly normal density.
Five of the most uniform areas 83 within the stand of rabbitbrush were selected for different control treatments in 1953 and 1954. Two additional areas of yellowbrush were also selected. Precipitation and temperatures for the years and spring seasons of this study may be found in the records for Elko, Nevada. Precipitation during the three years of this study was 2 to 2.5 inches less than the normal of 9.13 inches. The spring months were both drier and cooler than normal. Levels of available soil moisture at several spring and summer dates are given in Table 1 to further describe the conditions of experimentation.
Available soil moisture was exhausted to a depth of six inches during the rainless July of 1953 and in early June of 1954. It was very nearly exhausted at the end of the latter month, despite good rains between the two dates. Moisture was available below 12 inches at all dates of sampling.
Root Planing Experiment
It is inevitable in a winter wetsummer dry climate like that of the Intermountain West that a mixed stand of herbs and shrubs can be root-planed with optimum results under only a narrow range of rapidly changing conditions. Some work was done to help reveal these conditions.
On May 12, 1952, about one-half acre, with a cover of C. nauseosus 83 per cent, C. viscidiflorus 5 per cent, and Artemisia tridentata 10 per cent, was root-planed by the Bureau of Land Management. The kill of all brush was virtually complete, while 70-80 per cent of the good understory of crested wheatgrass survived.
The attempted depth of planing was 4 inches. The crested wheatgrass was 7-8 inches tall, but not heading. Heads of Poa secunda were emerging.
An immediately adjacent, similar stand was planed on April 5, 1954. The rabbitbrush averaged 23 inches tall, sagebrush 15 inches. Available moisture in the upper two feet of soil averaged 16.2 per cent, varying Its new leaves were 1 inch long; those of crested wheatgrass were 11/z to 2$$ inches.
The attempted depth of planing was again 4 inches. However, control of the two 4-foot sweeps proved impossible at 4 inches or any other constant depth, although the soil surface appeared no more irregular than normal. Four plots 40 feet long were planed between 5 and 611) inches deep, two between 9 and ll-inches. Respective kills of all brush one year after treatment were 25.3 and 21.2 percent. The diff'erence was not significant. Inasmuch as all recovery was from re-rooting above the level of the blades, the kill might have been improved by dragging a chain or rail behind the root-plane to dislodge the shrubs.
The only loss of crested wheatgrass was in the path of the shanks of the sweeps.
Subnormal precipitation in May and June may have been the major factor in the good brush kill in 1952. Conversely, the high June rainfall of 1954, occurring 'on 12 days with two effective storms, was doubtless responsible for high survival.
Chemical Control
Five experiments were performed with herbicides, three on rabbitbrush and two on yellowbrush. The first was to compare times of application of 2,4-D and 2,4,5-T in 3 gallons per acre of diesel oil on rabbitbrush. Water, shale oil, and diesel oil at 10 gallons per acre as carriers of 2,4,5-T and Silvex, 2, (2,4,5trichlorophenoxy) propionic acid, were compared in the second. Three rates of application of Silvex in 10 gallons per acre of diesel oil were tested in the third.
In the fourth and fifth experiments the survival of the understory of yellowbrush was determined a year after treatment with 2,4-D as 2 pounds of butoxyethanol ester and 2,4,5-T as 1 pound of isopropyl ester per acre. These were in diesel oil and shale oil at 3 gallons per acre. Shale oil alone was sprayed at 50 gallons per acre.
Plots 20x50 feet in three replications were sprayed. All low volume applications were made with the equipment described by Jensen and Robocker (1955) . A backpack sprayer was used for the higher volumes. The shale oil was obtained from the Bureau of Land Management. Tt had the following specifications : Gravity A.P.I., 16.8; specific gravity, .9540 ; I.B.P., 508F". ; olefins, volume 14 per cent ; aromatics, volume 69 percent; paraffins and napthenes, 17 per cent.
Brush counts were taken before treatment and a year after treat- ment on l/100-acre plots, 10 x 43.5 feet in the center of each treatment plot. Plants with any green tissue visible were considered as survivors. Dates and phenology given in Table 2 apply to the following experiments.
Time of Spraying Rabbitbrush
An experiment was done to compare the results of spraying and respraying rabbitbrush at different parts of the growing season. Fifteen plots were laid out in 3 replications.
Each replication was further divided into 5 groups of 3 plots. Spraying was done on 5 dates, July and August, 1953, and April, June, and July, 1954 . All plots sprayed in 1953 were resprayed on June 3, 1954. Plots originally sprayed in 1954 were not resprayed. Dates of spraying were assigned at random to each of the 3 groups, and the 2,4-D, 2,4,5-T and control were assigned to each of the three plots.
The relative rates of survival may be observed in Figure 1 .
Only 2,4-D approached satisfactory control and then only where applied twice.
The percentages were converted to an appropriate form for analysis as suggested by Snedecor (1946)) Orthogonal comparisons were made according to the method given by Cochran and Cox (1950) . The levels of significance determined in this way indicated that 2,4-D gave highly significantly better kills than either the controls or the 2,4,5-T, when July sprayin g of one year was repeated in June the following year. Applied at the two dates, 2,4-D was highly significantly better than at any of the three single dates.
Effects of Carriers on Rabbitbrush
In another experiment, herbicides were tested in three carriers as follows. Twenty-seven plots were laid out. in .three replications divided into three blocks each containing three plots. Three carriers -water, diesel oil, and shale oilShrl. Wotor DI.r.1
Ol I oil
C0rrl.r \ve'r'e assigned at random to the blocks, while Silvex, 2,4,5-T and blank were assigned at random to the plots in each block. The materials were applied in a total volume of 10 gallons per acre on June 3, 1954. Figure 2 gives the relative rates of survival of rabbitbrush a year after treatment.
Counts at the latter date averaged 114, 73, 76, and 44 percent of those at the earlier date on 0, 1, 2, and 4 pound plots, respectively (Fig. 3.) .
Mortality appeared higher among the yellowbrush than among the rabbitbrush plants in these treatments. While all rates of Silvex resulted in significant kills, and 4 lb./a. was superior to the lower rates at the highly significant level, the 44 percent survival rate is too high to permit recommendation of Silvex for large-scale use at any of these rates of application.
Although the differences in survival were marked, and a favorable date was used, none of the treatments is regarded as satisfactory. In the untreated plots and in plots where treatment was ineffective, an increase in shrubs is apparent between the times of original and final counts. Figure 3 shows that neither herbicide in either shale oil or water produced as good results as it did in diesel oil as a carrier. Water was better than shale oil as a carrier of 2,4,5-T, but not of Silvex.
Silvex in shale oil or water was ineffective as an herbicide.
In diesel oil, however, it resulted in highly si&ificantly better kills than when the carrier was used alone. 
Rates of Application of Silvex on Rabbitbrush
Itot., lb. Par Acr.
Twelve plots covering an area of The variables included in these experiments were herbicides, carriers and date of application.
A split plot design, with four replications was used. Dates were the main plots and herbicidal materials were the sub-plots. The application dates selected were mid-April, midMay and mid-June ; the herbicides used were 2,4-D and 2,4,5-T each in three gallons diesel oil per acre, shale oil alone at 50 gallons per acre, and blank. One pound acid equivalent of 2,4,5-T as the isopropyl ester, and two pounds acid equivalent of 2,4-D as the butoxyethanol ester per acre were used in the respective treatments.
In addition to these treatments, which were applied at all dates, the same rates of 2,4-D and 2,4,5-T were applied in three gallons per acre of shale oil on the mid-May date. Consequently, on that date, a separate analysis of the effect of the two growth regulators in diesel oil and shale oil could be made.
The area selected for study was a mature stand of big sagebrush with yellowbrush as an abundant sub-dominant.
Survival counts were made in August, 1954. The average count was 4,600 plants per acre, the plot range being 3 to 129, down from 5,900, and 9 to 162, respectively.
A second area of the same size and adjacent to the first was treated in the same way in all respects. This area had been wheatland-plowed and seeded to grass in 1944. A good stand of crested wheatgrass contained a mixture of young big sagebrush and yellowbrush in 1953.
The average number of yellowbrush plants per acre, by pretreatment counts, was 4,950, the range among the 56 plots of l/100 acres each being 3 to 135. Average survival count was 3,608 per acre, the plot range being 0 to 104. These results are shown in Figure  4 .
The kill of yellowbrush under the mature sagebrush was better in May than in April. The differ-
April
JUtI. May FIGURE 4. Survival of yellowbrush after treatment with 2,4-D, 2,4,5-T and shale oil at 3 spring dates. The experiment was performed on an old stand with big sagebrush, left, and on a stand mixed with crested wheatgrass and young sagebrush, tight.
other months were not significant. Mean survivals of yellowbrush did not differ significantly between any treatment dates in the stand of wheatgrass. In both stands, mean survival in 2,4-D treated plots was significantly lower than in those of any other treatment. One of the unexpected results, as shown in Figure 4 , was the general failure of 2,4,5-T to control yellowbrush.
It was significantly better than the check in May in the crested wheatgrass series, but not at any date in the mature sagebrush. At no date of treatment in either series did 2,4,5-T means differ significantly from those of shale oil.
Burning
From numerous observations it is evident that there are conditions under which C. nmseosus is susceptible to severe injury by fire. 
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Two examples will suffice. On November 7, 1943, 13 Three replications of 3 blocks each were laid out in a stand of rabbitbrush. Two dates of burning, July 15 and September 1, 1953, and no burning were assigned to the individual blocks. Each block consisted of 4 plots of 20 x 50 feet. Spray treatments assigned at random to the plots in each block were : 2,4-D as the isopropyl ester at 2 pounds per acre, and 2,4,5-T as the butoxyethanol ester at 1 pound per acre, each in 3 gallons per acre of diesel oil, shale oil alone at 50 gallons per acre, and blank. New shoots from the crown buds of surviving plants were so small on June 1, 1954, that spraying was delayed until July 1.
The relative effects of chemicals after and without burning are shown in Figure 6 . Each column is proportional to the average sur-. viva1 in three replications. Shale oil, as in other experiments, proved of no value as an herbicide. Burning alone gave better results than either growth regulator without burning. Average survival was a little lower following fall burning than summer burning.
Differences between survivals resulting from the two different dates of burning are not significant but chemical treatment mean differences were highly significant. Either burning date proved to be better than no burning. The difference between 2,4-D and 2,4,5-T was not significant on either July or September burns. Growth regulators averaged better than shale oil on July burns (highly significant), and September burns (significant).
Shale oil again exhibited no herbicidal potential, its survival counts being of the same population as those of unsprayed plots. On the unburned plots, both 2,4-D and 2,4,5-T were highly significantly better than the control or shale oil, and 2,4-D was significantly better than 2,4,5-T. Shale oil again was no better than the untreated control.
At each date of burning or spraying in this experiment, samples of rabbitbrush were taken for determination of readily available carbohydrates.
The one-year-old wood of twenty twigs was taken from small, medium, and large bushes. Also, portions of the crown wood were taken from each size class. Analysis was by the method of Weinmann (1947) as modified by Lindahl, et al., (1949) .
Size of plant was not associated with different carbohydrate contents in either crown wood or twigs. The trend of carbohydrates in crown wood was inconsistent and non-significant, doubtless because it was not possible to separate living from dead wood, or to control the proportions of the two in each sample.
The twigs, however, showed significant carbohydrate changes at each date. The reserves increased during late summer from 2.8 to 3.9 per cent. The level reached by late fall is unknown, but the April 28 content was 9.4 per cent. The decline was slight until early June, and very rapid during the remainder of the month (Fig. 7) .
Evidently control practices which take advantage of low available carbohydrate reserves should be applied to rabbitbrush at the beginning of the period of rapid vegetative growth when reserves are diminishing rapidly (Table 2) .
Discussion
Root Planing
The success of this practice appears to be related to soil moisture conditions following treatment. High moisture seems to favor survival of the brush species as well as the good grass understory. Soil moisture was high April c5, 1954, and remained so for at least a month after treatment (Table 1) . The successful treatments of May, 1952, on the other hand, were made during a dry month and were followed by sub-normal precipitation during June and July. Presumably, drier conditions would result in poorer survival of the grass. At times when effective control was achieved, 2,4-D proved superior to the other chemicals for killing either of the two species. There were times, however, when control was ineffective regardless of treatment. If the period of maximum susceptibility is related to the phenological stage of associated species-an indicator so successfully applied in the chemical control of big sagebrush-it appears that yellowbrush is most susceptible during the pre-bloom stages of Agropyron and Pea, while rabbitbrush is most susceptible when Aglropyron is in the milk stage and the seed of Poa is ripe.
The most effective single date of spraying rabbitbrush was in the middle of the active growth period (Table 2) , and when carbohydrate reserves in the twigs were relatively high but were being rapidly depleted (Fig. 6 ). There is some indication that the rapid depletion of carbohydrate reserves in the twigs during June may have been due to rapid root growth following the early June rainy period. The resulting rapid translocation of both carbohydrates and herbicides to the roots and crown buds would account for the effectiveness of the early June treatment. It is clear, at any rate, that something subtler than date of application or stage of development is involved.
In comparing the results from the July spraying in this experiment ( Fig. 1) with exactly the same treatments applied on the same day on an area directly adjacent (Fig. 7, no burn treatment) , it is seen that, in the burning experiment, 2,4-D produced a 50 per cent kill and 2,4,5-T produced a 30 per cent kill. In the straight chemical experiment, neither chemical resulted in any effective control. The lower degree of control occurred in the area laid on a ridge one to two feet above and adjacent to the shallow swale in which the burning and spraying experiment was done. May, 1953, with 1.05 inches and June, 1954, with 1.24 inches were the only months durthe period of experimentation when rainfall was above normal. High available moisture in the swale may have resulted in growth conditions favorable to herbicidal action.
On the yellowbrush plots, shale oil and diesel oil appeared to be equally effective as carriers of either 2,4-D or 2,4,5-T. On the rabbitbrush plots, however, shale oil was significantly inferior to diesel oil as a carrier of 2,4,5-T or Silvex. Water was about equal to diesel oil as a carrier of 2,4,5-T, but was no better than shale oil as a carrier of Silvex. Because of cost factors, shale oil cannot be recommended under any conditions. Further investigation of water as a carrier of growth regulators on these species is needed.
Burning and Burning Followed by Chemicals
Either date of burning resulted in reasonably good control, whether followed by chemical treatment or not (Fig. 7) . The September 1 date averaged slightly, but not significantly, better than the July 15 date. The use of 2,4-D and 2,4, 5-T significantly increased the kill on the July burn, but the reduction due to chemical treatment was not large enough for significance on the September burn.
While June 3 was the best single date of spraying (Fig. l) , it may be seen in Figure 6 that both summer and early fall burning killed more brush than summer or spring spraying alone. Even better kills resulted from spraying the new shoots after burning. The reduction due to chemical treatment alone was not as great in any case as that due to burning alone, even though both 2,4-D and 2,4,5-T treatment were significantly better than the untreated control plots. Shale oil proved ineffective as an herbicide.
Conclusions
These experiments, coupled with records of scattered attemnts to control rabbitbrush, show that results tend to be erratic. The factors responsible are not well understood. At present, the only "one-shot" treatment that can be recommended is root-planing. This practice must be applied in the spring when soil moisture following snow melt has been nearly exhausted. The shrubs should be knocked over to prevent re-rooting. If the herbaceous understory is to be preserved, the date should be earlier than otherwise. Limitations imposed by rocks and costs point to the need for methods that are more widely applicable.
Repeat treatments involving either burning followed by the use of 2,4-D spray the following year or spraying the same area in SLICcessive years, appear to offer a good chance of consistent SLICC~SS.
Plowing usually has not been successful in the control of rabbitbrush for range seeding. The use of controlled burning in areas with a thick enough stand to carry a fire should be considered as a means of seedbed preparation. Wild fire in rabbitbrush sometimes offers a good chance for seeding grasses. If resprouting occurs, the use of 2,4-D sprays should then result in good control. Grasses that have been established in the meantime should not be seriously injured.
In some areas, plowing or brushbeating before seeding has resulted in moderate to good control of big sagebrush, but has allowed rabbitbrush to become dominant. In such cases, root planing or spraying with 2,4-D may provide the necessary control. Terrain, economic, and management factors would determine the proper alternative.
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